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TABLE 1. CROSSWALK: UFP-QAPP WORKBOOK TO USEPA 2106-G-05 QAPP 
 

Optimized UFP-QAPP Worksheets USEPA 2106-G-05 QAPP Guidance Section 

1 & 2 Title and Approval Page 2.2.1 Title, Version, and Approval/Sign-Off 

3 & 5 Project Organizational Chart and QAPP 
Distribution 

2.2.3 Distribution List 

2.2.4 Project Organization and Schedule 

4 , 7 & 8 Personnel Qualifications and Sign-off Sheet 2.2.1 Title, Version, and Approval/Sign-Off 

2.2.7 Special Training Requirements and 
Certification 

6 Communication Pathways 2.2.4 Project Organization and Schedule 

9 Project Planning Session Summary 2.2.5 Project Background, Overview, and Intended 
Use of Data 

10 Conceptual Site Model 2.2.5 Project Background, Overview, and Intended 
Use of Data 

11 Project/Data Quality Objectives 2.2.6 Data/Project Quality Objectives and 
Measurement Performance Criteria 

12 Measurement Performance Criteria 2.2.6 Data/Project Quality Objectives and 
Measurement Performance Criteria 

13 Secondary Data Uses and Limitations Chapter 
3 

QAPP ELEMENTS FOR EVALUATING 
EXISTING DATA 

14 & 16 Project Tasks & Schedule 2.2.4 Project Organization and Schedule 

15 Project Action Limits and Laboratory-Specific 
Detection / Quantitation Limits 

2.2.6 Data/Project Quality Objectives and 
Measurement Performance Criteria 

17 Sampling Design and Rationale 2.3.1 Sample Collection Procedure,  
Experimental Design, and Sampling Tasks 

18 Sampling Locations and Methods 2.3.1 Sample Collection Procedure,  
Experimental Design, and Sampling Tasks 

2.3.2 Sampling Procedures and Requirements 

19 & 30 Sample Containers, Preservation, and  
Hold Times 

2.3.2 Sampling Procedures and Requirements 

20 Field QC 2.3.5 Quality Control Requirements 

21 Field Procedures 2.3.2 Sampling Procedures and Requirements 

22 Field Equipment Calibration, Maintenance, 
Testing, and Inspection 

2.3.6 Instrument/Equipment Testing, Calibration and 
Maintenance Requirements, Supplies and 
Consumables 

23 Analytical SOPs 2.3.4 Analytical Methods Requirements and Task 
Description 

24 Analytical Instrument Calibration 2.3.6 Instrument/Equipment Testing, Calibration and 
Maintenance Requirements, Supplies and 
Consumables 
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Optimized UFP-QAPP Worksheets USEPA 2106-G-05 QAPP Guidance Section 

25 Analytical Instrument and Equipment 
Maintenance, Testing, and Inspection 

2.3.6 Instrument/Equipment Testing, Calibration and 
Maintenance Requirements, Supplies and 
Consumables 

26 & 27 Sample Handling, Custody, and Disposal 2.3.3 Sample Handling, Custody Procedures, and 
Documentation 

28 Analytical Quality Control and Corrective 
Action 

2.3.5 Quality Control Requirements 

29 Project Documents and Records Table 2.2.8 Documentation and Records Requirements 

31, 32 & 
33 

Assessments and Corrective Action 2.4 Assessments and Data Review  

34 Data Verification and Validation Inputs 2.5.1 Data Verification and Validation Targets and 
Methods 

35 Data Verification Procedures 2.5.1 Data Verification and Validation Targets and 
Methods 

36 Data Validation Procedures 2.5.1 Data Verification and Validation Targets and 
Methods 

37 Data Usability Assessment 2.5.2 Quantitative and Qualitative Evaluations of 
Usability 

2.5.3 Potential Limitations on Data Interpretation 
2.5.4 Reconciliation with Project Requirements 
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QAPP WORKSHEET #1 & 2: TITLE AND APPROVAL PAGE 
(UFP-QAPP Manual Section 2.1)  
(USEPA 2106-G-05 Section 2.2.1) 

 
KEMRON Environmental Services, Inc. (KEMRON) has been awarded a Firm Fixed Price (FFP) project by the 
Baltimore District United States Army Corps of Engineers (USACE) under a Performance Based Acquisition (PBA) 
to conduct Transformer Vault Removal and PCB Soil Remediation Support at the Former Walter Reed Army Medical 
Center, Washington DC under the Multiple Award Environmental Services (MAES) program. 
 
The contract was issued by and will be administered by USACE Baltimore District located at 10 South Howard Street 
in Baltimore, Maryland.  This Task/Delivery Order (TO) #0004 was issued under KEMRON’s Contract W912DR-
12-D-0008, with an award date of 30 September 2016. 
 
With the award of the task order on 08 April 2016, five (5) Contract Line Item Numbers (CLINs) were activated.  In 
accordance with the Contract Award Delivery Order, the total period of performance (POP) for the CLINs currently 
exercised is 30 September 2016 through 30 September 2017.   
 
 
1.1   Project Identifying Information 
 
Site name/project name: Former Walter Reed Army Medical Center / Transformer Vault Removal and PCB Soil 

Remediation Site location/number: Former Walter Reed Army Medical Center, Washington DC 

Contract/Work assignment number: Small Business Multiple Award Environmental Services (MAES) MATOC 

Contract No. W912DR-12-D-0008. 
 
1.2   Lead Organization 
 
 
___________________________   ______________ 
Emily Schiffmacher    Date  
USACE Contracting Officer Representative 
USACE Baltimore District 
 
 
 
______________________________  ______________ 
Christian Gandy     Date  
USACE Project Manager 
USACE Baltimore District 
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1.5   List plans and reports from previous investigations relevant to this project 
 

Document 
Number 

 

 
Title 

 
Date 

 

1 
Final Report on the Investigation of PCBs and VOCs in Soil/Groundwater, 
Walter Reed Army Medical Center (WRAMC), Washington, DC.  BERS-
Weston Services JVA, LLC 

01 September 
2016 
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 In the event of unforeseen circumstances, such as equipment failure or inability to 
process sample volume at a given time, TestAmerica may send samples to another in-network laboratory after 
consulting with the project team. The in-network laboratory must meet all of the requirements specified in this QAPP. 
 
KEMRON may select additional subcontractors as the project proceeds for specialty supporting activities.  These 
subcontractors will be selected by competitive bidding or by qualifications.  Applicable local licensure and/or 
certifications will be included in the assessment of qualifications.   
 
Entities and individuals to whom copies of the approved QAPP, subsequent QAPP revisions, addenda and 
amendments are sent are presented in Table 1 below. 

unresponsive based on revised scope





unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
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unresponsive based on revised scope
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unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
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QAPP WORKSHEET #6: COMMUNICATION PATHWAYS 
(UFP-QAPP Manual Section 2.4.2)  
(USEPA 2106-G-05 Section 2.2.4) 

 

 
Communication Driver 

 
Organization 

 
Name Contact Information 

Procedure 
(timing, pathway, documentation, etc.) 

Point of Contact with the Army USACE Baltimore District Christian Gandy 

 
 
 
410- 962-4256 
Christian.E.Gandy@usace.army.mil 
 
 
 
 

All appropriate materials and information 
about the project, such as reports, plans, 
technical memos, meeting minutes, etc., will 
be forwarded to the USACE COR via the 
USACE PM in written form by common 
carrier and/or email by KEMRON within a 
reasonable timeframe as dictated by the type of 
material or information that is to be 
transmitted. 

 
 

 
 

 
 

 

 
 

 

R

F

R

unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope

unresponsive based on revised sco
unresponsive based on revised sco
unresponsive based on revised sco

unresponsive based on revised scopeunresponsive based on revise  
unresponsive based on revise  
unresponsive based on revise  

unresponsive based on revised scope
unresponsive based on revised scope unresponsive base   i  

unresponsive base    
unresponsive base    

unresponsi  b   i  
unrespons     
unrespons     

unresponsive based on revised scopeunresponsive based on revised scope
unresponsive based on revised scope unresponsive based on revised scope

unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
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Communication Driver 

 
Organization 

 
Name Contact Information 

Procedure 
(timing, pathway, documentation, etc.) 

QAPP Amendments USACE PM Christian Gandy 
 
410-962-4256 
Christian.E.Gandy@usace.army.mil 
  
 
 
 
 
 
 

Any major changes to the QAPP must be 
approved by the Army and VADEQ before the 
changes can be implemented. 
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QAPP WORKSHEET #9: PROJECT PLANNING SESSION SUMMARY  
(UFP-QAPP Manual Section 2.5.1 and Figures 9-12)  

(USEPA 2106-G-05 Section 2.2.5) 
 

This worksheet provides a record of project planning meetings conducted to provide a starting point for Plan preparation 

and specification and agreement on project data quality objectives. 

 

Date of planning session:  October 12, 2016 

Location: Former Walter Reed Army Medical Center, Washington DC 

Purpose: Project Award Kick-Off Meeting 
 
 
Participants:  

Name Organization Title/Role Email/Phone 
Christian Gandy USACE  

Baltimore District 
USACE Project Manager 410-962-4256 

Christian.E.Gandy@usace.army.mil 

Emily Schiffmacher USACE Baltimore District USACE  410-962-3252 
Emily.M.Schiffmacher@usace.army.mil 

Markus Craig BRAC Coordinator BRAC Coordinator 703-545-2474 
Markus.A.Craig.civ@mail.mil 

Erin Mauer BRAC Coordinator BRAC Coordinator 202-812-7398 
Erin.C.Mauer.civ@mail.mil 

   
 

  
 

  
 

  
 

  
 

  
 
Notes/Comments: A Kick-Off Meeting was completed to discuss the awarded contract, the four Contract Line Item 

Numbers (CLINS) funded to date (i.e., 0001, 0002, 0003, 0004, and 0005), project scope, applicable regulatory guidance 

and laws, project schedule, and special project administrative requirements. 

Consensus decisions made: KEMRON will proceed with preparing the site-wide plans as part of the Task Order and in 

accordance with the schedule. 

 
Performance schedules and objectives include:  

 CLIN 0001: Final PMP, UFP QAPP, APP by 25 November 2016;  
 CLIN 0002: Remove concrete transformer vaults; horizontally and vertically delineate PCB contaminated 

soils around former transformer vault at BLDG 1 East and BLDG 88 by January 2017. 
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unresponsive based on revised 
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unresponsive based on revised scope
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unresponsive based on revised s
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 CLIN 0003: Excavate all PCB contaminated soil at transformer vault locations at BLDG 1 E, BLDG 88, and 
BLDG 15 (vault left in place); by January 2017; 

 CLIN 0004: Achieve Regulatory Acceptance of Site Investigation and Closure Report by April 2017;   
 CLIN 0005: Optional Vault Removal, Delineate PCB contaminated soil; Dispose   of concrete vault; 

excavate contaminated soil; backfill excavation with clean soil. January 2017; 
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QAPP WORKSHEET #10: CONCEPTUAL SITE MODEL 
(UFP-QAPP Manual Section 2.5.2)  
(USEPA 2106-G-05 Section 2.2.5) 

 
BACKGROUND: Known as Walter Reed General Hospital (WRGH) until 1951 — was the U.S. Army's flagship 
medical center from 1909 to 2011. Located on 113 acres (46 ha) in Washington, D.C., it served more than 150,000 
active and retired personnel from all branches of the military. The center was named after Major Walter Reed (1851–
1902), an army physician who led the team that confirmed that yellow fever is transmitted by mosquitoes rather than 
direct contact. Since its origins, the WRAMC medical care facility grew from a bed capacity of 80 patients to 
approximately 5,500 rooms covering more than 28 acres (11 ha) of floor space. WRAMC combined with the National 
Naval Medical Center at Washington, DC in 2011 to form the tri-service Walter Reed National Military Medical 
Center (WRNMMC). 
 
The former Walter Reed Army Medical Center closed under BRAC 2005, with a majority of the Walter Reed property 
transferred to the District of Columbia Local Redevelopment Authority (DC-LRA) in November 2016. Concerns for 
contamination from PCBs are preventing the transfer of the property around three transformer vaults at Buildings 1, 
15 and 88 Wipe samples indicated PCB contamination (in bldg. 15 and 88) within the transformer vaults.  There is a 
need to remove a known contaminated transformer vault and the surrounding contaminated soil at Building 88 as well 
as PCB soil contamination only at Building 15. There have been no samples taken from the Building 1 vault. 
Delineation and confirmation samples will be collected at each vault location as part of this project to determine the 
extent of PCB soil contamination. Soil with PCB contamination in excess of 1 PPM will be removed and disposed of 
at the appropriate disposal facility. Vault concrete will also be sampled and disposed of appropriately. 
 
According to the Geologic Map of the Washington West Quadrangle, District of Columbia, Montgomery and prince 
Georges Counties, Maryland, and Arlington and Fairfax Counties, Virginia, dated 1994; the Site is mapped as being 
underlain by the Lower Cambrian-aged Laurel Formation. The Laurel Formation is described as a “medium - to 
coarse-grained sedimentary mélange of quartzofeldspathic matrix that contains quartz “eyes” and phyllonite, 
metagraywacke, migmatite, serpertinite, amphibolite, and actinolite-schist.” The saprolite and bedrock encountered in 
HPE’s Phase II ESA agree well with the description provided and in particular with the actinolite schist. Based on 
chips recovered in the split spoon samplers from the base of several soil borings, the saprolite beneath the site was a 
highly-micaceous silt that appeared to be weathered from the underlying schistose bedrock. Soil development 
overlying the saprolite was very thin and typically consisted of a more thoroughly weathered saprolite with fewer 
micaceous mineral remaining within the soil. 
 
As presented in the Final Hydrogeological Report Former Walter Reed Army Medical Center (WRAMC) 
Redevelopment (September 2015), in the region of the subject property, the surficial aquifer is unconfined, and extends 
from the ground surface down to the base of the saprolite where it contacts the lithic bedrock below. The overburden 
can be up 100 feet thick, but ranges from 10 to 40 feet below the surface in the project area. Depending on the lithology 
of the saprolite and residual soils, there can be areas of the shallow aquifer that are semiconfined and/or perched, due 
to interbedded layers of relatively impermeable silt and clay that can act as local blocks (aquicludes) to water flow.  
 
Generally, the groundwater flow direction and gradient of the shallow aquifer mirrors the surface topography, but is 
also influenced by the location of present or past surface drainages, the amount and frequency of precipitation events, 
and the infiltration rate and water capacity of the soil. Referencing a study by the United States Geological Survey, 
the hydraulic conductivity of the sands and gravelly sands in the Washington DC area average 5 to 10 feet per day; 
however, well-sorted cohesionless sand in the alluvial and terrace deposits can have very high conductivity, in the 150 
to 700 ft/day range. In contrast, clays and silts often much lower conductance, with values in the 0.1 to 0.001 ft/day 
range. 
 
Based upon currently available historical information, PCB contamination is confirmed present in shallow soil 
surrounding transformer vaults at Buildings 1, 15 and 88.  The full extent of PCB contamination in excess of 1 ppm 
has not been defined, but based upon existing data, is expected to extend an estimated 12 to 15 feet below ground 
surface (bgs), which is below the base of the transformer vaults.  During execution of this TO, the extent of PCBs in 
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soil in excess of 1 ppm will be defined vertically and laterally, with removal and off-site disposal of excavated 
contaminated soil. 
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QAPP WORKSHEET #11: PROJECT/DATA QUALITY OBJECTIVES 
(UFP-QAPP Manual Section 2.6.1)  

(USEPA 2106-G-05 Section 2.2.6) 

 
As defined by the USEPA (2006), Data Quality Objectives (DQOs) are most commonly used during the planning 
stages of any study that requires data collection.  DQOs define the goals of the investigation, guide data collection, 
and formalize agreement on when data collection is complete, what will be done with the data, and what decisions 
will be made from the data.  In environmental data collection projects, the ultimate goal of the DQO process is to 
obtain high quality and valid data to support environmental decisions.  This goal can be achieved through systematic 
planning and strict adherence to quality assurance/quality control (QA/QC) measures.  The DQO process is a seven-
step iterative process designed to ensure that data collection is resource effective, while meeting the objectives of the 
study. 
 
DQOs for the sampling were developed in accordance with USEPA’s seven-step process.  The seven steps include:  
(1) State the Problem; (2) Identify the Goals of the Investigation; (3) Identify Information Inputs; (4) Define the 
Boundaries of the Investigation; (5) Develop a Decision Rule; (6) Specify Performance Criteria; and (7) Develop a 
Plan for Obtaining Data.   
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11.1 Who Will Use the Data? 

Data gathered from investigational sampling will be used by USACE and the KEMRON team for project decision 
making. 
 

11.2 What Will the Data Be Used for?  

Data gathered during the soil evaluation of the Building 1, Building 88 and Building 15 Transformer Vaults will be 
used to determine the extent of soil removal required, to document that project cleanup goals have been achieved and 
to support development of a TSCA Self Implementation Remedy Checklist.  Investigative derived waste samples may 
be collected to characterize and dispose of waste. 
 
11.3 What Type of Data Are Needed? 

Laboratory analytical and field data will be collected.  Field data will include the measurement of PCB levels in soil 
adjacent to the transformer vaults.  Laboratory data will include the analysis of soil samples for: (1) PCBs following 
USEPA Method SW-8082A. 
 

11.4 How “good” does the data need to be in order to support the environmental decision? 

The data quality will be reviewed to document the description of samples collected and shipped, sampling equipment 
utilized, and deviations from the QAPP, including problems encountered and corrective actions taken.  The project-
specific DQOs for sampling, analysis and QA/QC will be met by collecting the proper quantities/types of samples; 
using correct analytical methodologies; implementing field and laboratory QA/QC procedures; and using data 
evaluation processes.  The laboratory QC limits for each applicable analyte are included in Worksheets 12 and 28. A 
Stage 1 manual data validation will be completed on each analytical report.  
 

11.5 How much data is needed? 

Worksheet 17 describes the sampling rationale and frequency. Worksheet 18 of this QAPP provides an estimated 
number of potential samples based upon initial assumptions. 
 

11.6 Where, when, and how should the data be collected/generated? 

The data will be collected as described in Worksheet 17 and the associated sampling SOPs.   
 

11.7 Who will collect and generate data? 

The KEMRON field sampling team will collect and generate data under the management of the Site Manager or the 
Project QA/QC Manager.  Laboratory analyses of environmental samples collected by KEMRON will be performed 
by TestAmerica.  
 

11.8 How will the data be reported? 

11.8.1 Field Data Deliverables 

Raw data from field measurements and sample collection will be reviewed by KEMRON and retained in project files.  
Data relevant to the site-specific objectives will be tabulated and included in reports submitted for Army and regulatory 
review.  Field sample records (SRs) will be completed by field personnel and copies of these SRs will be included in 
the project reports as applicable.  Typical categories of information in the SRs include, but are not necessarily limited 
to:  sampling location, date, time, and interval/depth.  Any significant problems encountered in the field, resolution of 
those problems, deviations from planned procedures, or other matters that could impact field-sampling execution and 
analytical results will be discussed in project reports. 
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11.8.2 Off-Site Laboratory Data Package Deliverables 

The laboratories provide four levels of reports in order to match the documentation level required by specific projects.  
The laboratory will provide Level 2 data packages for all decision-making data for the subject site.  The data packages 
will be submitted electronically and will be reported in accordance with the DoD QSM, version 5.0 including a cover 
sheet, a table of contents, a case narrative, an analytical results summary, QA/QC summary, sample management 
records (laboratory chronicle, chain-of-custody forms, etc.), and data qualifiers.  The following list of specific 
elements defines the items that will be included in all data packages prepared for project sample analyses: 

• Case Narrative, including:  laboratory analytical batch number; matrix and number of samples included; 
analyses performed and analytical methods used; description of any problems or exceedance of QC criteria 
and corrective action taken.  The laboratory manager or his/her designee will sign the case narrative. 

• Copy of chain of custody forms for all samples included in the analytical batch; 
• Tabulated sample analytical results with detectable concentrations reported down to the LOD with units, data 

tags/qualifiers, percent solids, sample weight or volume, dilution factor, laboratory batch and sample number, 
KEMRON field sample number, and dates sampled, received, extracted and analyzed all clearly specified.  
Surrogate percent recoveries will be included for organic analyses. 

• Surrogate spike recoveries reported in all organic reports where appropriate.  The reports will specify the 
control limits for surrogate spike results, as well as the spiking concentration.  Any out-of-control recoveries 
will be reported immediately to the Project QA Manager.  Any out-of-control recoveries (as defined by the 
applicable method) will result in the sample being rerun (with both sets of data to be reported). 

• Blank summary results indicating samples associated with each blank. 
• Matrix spike/matrix spike duplicate result summaries (as applicable) with calculated percent recovery and 

relative percent differences. 
• Laboratory control sample results, when applicable, with calculated percent recovery. 

 
If necessary, manual peak integration will be conducted for applicable analyses.  Any manual integration will be 
completely and fully documented in the data package. Appropriate laboratory department supervisors will review and 
sign-off on all data generated by manual integration.  
 
The laboratory Information Management Systems (LIMS) will use the data qualifiers established by the DoD QSM, 
version 5.0. 
 
11.9 How will the data be archived? 
 
Generated hardcopy data (field- and/or laboratory-related) will be stored in the project files, including any revised 
data packages.  KEMRON will maintain project records for a minimum of 10 years.  KEMRON will provide 
deliverables in both electronic and hard copies of the laboratory data with the final reports to the USACE.    
 
For the laboratory, each sample delivery group is assigned a unique login number when initially logged into the LIMS 
system.  The report master files are stored in order of the login number and can be easily retrieved using this system.  
Computer records from the laboratories’ LIMS are maintained on the system for one year and are then archived on 
magnetic tape.  Two backup copies of the system are maintained on magnetic tape at all times.  The backup and archive 
tapes are stored in a fireproof safe at the laboratory indefinitely.  Extraction lab logbooks and bench sheets are 
maintained chronologically and stored in the laboratory for five years.  Inorganics raw data, including analyst 
notebooks, bench sheets, computer printouts and instrument logs, are stored by parameter in the individual laboratories 
or in the archive area for a period of five years.  Gas Chromatography (GC) data is stored as hardcopy in the individual 
master files.  GC/MS data is stored as hardcopy for three years in the work order files and on magnetic tape for at least 
one year.  GC/MS data stored on magnetic tape can be retrieved by the file numbers assigned to them at the time of 
analysis.   
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QAPP WORKSHEET #14/16: PROJECT TASKS & SCHEDULE 
(UFP-QAPP Manual Section 2.8.2)  
(USEPA 2106-G-05 Section 2.2.4) 

 
The project baseline schedule is included as Appendix A.  The schedule will be updated regularly in PMP Updates and monthly reports. 
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QAPP WORKSHEET #17 - SAMPLING DESIGN AND RATIONALE 
Describe and provide a rationale for choosing the sampling approach (e.g. grid system, biased statistical 
approach): 
 
Scope of Work 
Describe the sampling design and rationale in terms of what matrices will be sampled, what analytical groups 
will be analyzed and at what concentration levels, the sampling locations (including QC, critical, and 
background samples), the number of samples to be taken, and the sampling frequency (including seasonal 
considerations):   
 
Site location for this project is within the former Walter Reed Army Medical Center in Washington DC as shown on 
Figure 1. Locations of Building 1, Building 88 and Building 15 transformer vaults, as well as the truck routes for all 
required site equipment, personnel, clean backfill, and excavated soil are presented on Figure 2. Field operations SOPs 
are presented on Worksheet 21.  Delineation, soil excavation, confirmation sampling and clean backfilling will be 
conducted at transformer vaults located at Building 1, Building 88 and soil removal and backfill at Building 15 as 
follows: 

To ensure that cross contamination does not occur, KEMRON will construct a decontamination pad at each vault 
location for cleaning of heavy equipment.  The decontamination pad will be constructed using 8 mil plastic sheeting, 
double layered and surrounded by a berm. This outside berm will provide for secondary containment to prevent any 
migration of fluids. A lined sump pit with a sump pump will be established in one corner of the pad to pump 
contaminated water into temporary PVC storage tanks (approximately 1,000 gallons each) located adjacent to the 
decontamination pad.  These tanks will also serve as a receptacle for any water within the transformer vaults and any 
accumulation of any onsite water for subsequent testing prior to offsite disposal. PPE and decon procedures will be as 
identified in the project APP. 

KEMRON will identify and confirm the location of any buried utilities prior to excavation utilizing a professional 
third party utility locating service. The location of any underground utilities will be marked and areas of intrusive 
work will be adjusted as necessary to avoid these marked locations. If utilities are identified and encountered, 
KEMRON may excavate the soils in these areas with hand tools.  

In order to ensure that soils surrounding the vaults are accurately characterized, soil samples will be collected around 
the vault perimeter utilizing direct push drilling methodology prior to the excavation of site soils and the removal of 
the transformer vaults. Delineation soil samples will be collected using hand augering for shallow samples and direct 
push drilling technology for deeper intervals prior to the excavation of the transformer vaults where possible.  

KEMRON will horizontally and vertically delineate contaminated soils containing PCB concentrations >1 ppm per 
the PWS. After completion of utility clearance, samples will be collected utilizing a grid based delineation sampling 
method per USEPA guidance to provide the boundaries of clean (<1 ppm) and PCB contaminated soils (>1 ppm) and 
a valid estimate of soil volume around the vaults before excavation begins at BLDGs 88 and 1 (Figure 3 and 4).  At 
BLDG 15, excavation and soil sampling will be limited to a maximum 4x20x4 feet deep trench (or to underground 
utilities) as defined within the PWS, with confirmation sampling at the base of the excavation.  At BLDGS 88 and 1, 
the grid will include sampling on all accessible sides of the vault and from beneath the vault bottom. A PCB 
concentration of 25 ppm may be used for delineation if achieving a confirmatory soil concentration of <1 ppm for 
PCBs is determined by the USACE COR, to be technically infeasible (for example if the presence bedrock, 
groundwater or underground utilities limit the extent of soil sampling). It is anticipated that approximately 20 samples 
per vault at BLDG 88 and BLDG 1 will be collected and laboratory analyzed for PCBs via EPA Method 8082A. 
Samples will be field screened utilizing PCB HACH kits to guide the collection of laboratory sample locations. To 
avoid stockpiling soils, approval will be obtained from TSD facilities to accept the excavated soils prior to initiating 
the excavation. 

Delineation soil samples will be collected adjacent to each side wall in equal increments at approximately 1.5-meter 
spacing increments horizontally, and vertically screened at 2-foot increments.  Should sample results indicate PCB 
contamination above 1 ppm then additional samples will be screened from that vertical grid interval on the next 1.5-
meter horizontal interval until sample results indicate a value less than 1 ppm. At Building 1 and Building 88, samples 
will be collected vertically to a minimum of 12 feet below ground surface.  Should contamination exist at 12 feet 
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below ground surface then additional samples will be required until a less than 1 ppm PCB soil sample analysis is 
obtained or until groundwater or bedrock is encountered, whichever comes first. If groundwater or bedrock is 
encountered, then sampling and soil removal will be terminated at that depth.  HACH PCB immunoassay kits will be 
used to field screen the soil intervals. Data generated using HACH kit methods will be considered screening data only 
and will be used as an aid in guiding confirmatory sample location selections. 

Soil will be excavated by benching where required and the soil will be segregated by levels of contamination based 
upon delineation sampling. If soil containing greater than 50 PPM is encountered, it will be segregated, loaded into 
containers and disposed of as TSCA regulated waste. Soils exhibiting PCB contamination greater than 1 PPM and less 
than 50 PPM will be disposed of as required for non-TSCA bulk PCB remediation waste.  Soils that are less than 1 
PPM PCBs will be stockpiled onsite and reused as clean fill material.  

Prior to disposal, the concrete vaults will be sampled utilizing the USEPA Standard Operating Procedure for Sampling 
Porous Surfaces for PCBs. Once characterized the concrete will be broken into manageable pieces and loaded into 
roll off containers or truck bed for appropriate disposal. 

Quality control samples will also be analyzed and will include: (1) matrix spike/matrix spike duplicate (MS/MSD); 
(2) duplicate samples; (3) equipment blanks; and (4) trip blanks.  One MS/MSD, duplicate sample, and equipment 
blank sample will be collected per transformer vault.  These blank samples will be analyzed for PCBs. 

Prior to excavation activities at BLDG 1 East and BLDG 88, all surrounding vegetation will be cut by hand to ground 
surface and placed in a roll-off container for disposal. The Building 1 PCB delineation locations are approximated on 
Figure 3. These locations may need to be adjusted based on existing utility locations. Hand augering and HACH kits 
will also be utilized to guide laboratory sample locations. Direct Push boring locations will be drilled to a minimum 
of 12 feet bgs and will continue vertically until sample results are at or below 1 PPM. 

The electrical switchbox located at Building 88 will be removed (intact).  Prior to removal of the switchbox, KEMRON 
will coordinate with the utility representatives to have them test and confirm that the switchbox is indeed de-energized 
and presents no hazard during removal activities. The switchbox will then be unbolted manually from its concrete pad. 
Lifting slings will be attached to the excavator and to the switchbox pick hooks. The switchbox will then be lifted 
from its concrete pad and placed on a pallet for future reuse or disposition. 

The Building 88 PCB soil delineation will utilize sampling locations as shown on Figure 4.  Sampling locations will 
be adjusted, as required, based upon utility locations. Prior to the concrete vault removal, the transformer will be lifted 
out of the vault through one of the grate openings originally sized for installation and moved to the decontamination 
pad. Lifting slings will be attached to the excavator and to the transformer pick hooks. To ensure employee safety, 
prior to any KEMRON employee entering the vault, in accordance with OSHA confined space guidelines the internal 
atmosphere will be tested, with a calibrated direct-reading instrument, for oxygen content, flammable gases and 
vapors, and for potential toxic air contaminants. KEMRON will also have an OSHA competent person present during 
all confined space activities.  The transformer will then be accessed, washed and cleaned with all cleaning fluid 
pumped to the PVC storage tanks located adjacent to the decontamination pad. The water/cleaning fluid will be 
sampled and appropriately disposed. The transformer carcass will be wipe sampled and will be transported off site for 
recycling or disposal based up the wipe sample results.   

Due to the close proximity to the roadway at Building 88, a road closure or partial closure will be required during 
excavation and backfilling activities. All closures or partial closures will be coordinated in advance with the USACE 
and the Base Land Redevelopment Authority. 

At Building 15, the transformer vault will remain in place and active. However, a four (4) x twenty (20) foot area will 
be excavated by hand digging methods where fluids were known to drain into the adjacent soil. The excavation at 
Building 15 will be to four (4) feet in depth, which is the top of the electrical conduits. Confirmatory samples will be 
collected to assess if any residual PCB contamination remains. This area will then be backfilled and compacted. Figure 
5 presents the locations and results of the previous sampling results.  
 
Delineation samples will be collected under the vault bottoms at the time of vault removal in order to collect samples 
that exhibit the greatest odor, visual staining evidence etc. If sampling results indicate >1 PPM PCB contamination, 
then the next lower 1-foot interval will be sampled until groundwater or bedrock is present. 
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For vault removals, an excavator with a hydraulic thump attachment; a rubber tire backhoe with a concrete breaker 
attachment; and acetylene torches and/or mechanical saws will be used to break and remove the vault and to remove 
any protruding reinforcement rod from the concrete. In accordance with self-implementing cleanup and disposal 
option for PCB waste remediation, 40 CFR 761.61 (a), the concrete vault walls and floor will be sampled utilizing the 
methods defined in the approved UFP-QAPP.    
 
Prior to vault demolition KEMRON will first remove all surface grates using the excavator equipped with a hydraulic 
thumb attachment. The grates will be removed and placed into a dedicated roll off box for steel disposal to an 
appropriate recycling or disposal facility. If required, a sump pump will be placed inside the vault and any water in 
the vault will then be pumped to the PVC storage tanks located adjacent to the decontamination pad. Any water will 
be appropriately disposed of based on the characterization results.  
 
All site activity, laydown areas, and soil stockpile locations will be performed immediately adjacent to each of the 
transformer vaults. In advance of any site work, each work area layout, and transportation routes will be coordinated 
and approved with USACE and the DC LRA. All work sites and open excavations will be barricaded and clearly 
marked at all times during work activities. Stock piled soils will be covered if left overnight, and silt fencing will be 
installed in areas of any stockpiled material.   
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QAPP WORKSHEET #26 & 27: SAMPLE HANDLING, CUSTODY, AND DISPOSAL 
(UFP-QAPP Manual Section 3.3) 
(USEPA 2106-G-05 Section 

2.3.3) 
 
Sampling Organization: KEMRON Environmental Services 
Laboratory: TestAmerica Savannah 
Method of sample delivery (shipper/carrier): commercial carrier such as FedEx or UPS 
Number of days from reporting until sample disposal: 30 days from invoice 
 
 

 
 

Activity 

 
Organization and title or position of person 

responsible for the activity 

 
 

SOP reference 

Sample labeling Field Geologist/Scientist, KEMRON 07-DOC-00 

Chain-of-custody form completion Field Geologist/Scientist, KEMRON 07-DOC-00 

Packaging Field Geologist/Scientist, KEMRON 07-PAS-00 

Shipping coordination Field Geologist/Scientist, KEMRON 07-PAS-00 

Sample receipt, inspection, & log-in TestAmerica Savannah Sample Receipt Personnel See laboratory Quality Assurance Manual in Appendix D. 

Sample custody and storage TestAmerica Savannah Sample Receipt Personnel See laboratory Quality Assurance Manual in Appendix D. 

Sample Preparation TestAmerica Savannah Sample Receipt Personnel See laboratory Quality Assurance Manual in Appendix D. 

Sample Determinative Analysis TestAmerica Savannah Sample Receipt Personnel See laboratory Quality Assurance Manual in Appendix D. 

Sample Archiving TestAmerica staff See laboratory Quality Assurance Manual in Appendix D 

Sample disposal TestAmerica staff See laboratory Quality Assurance Manual in Appendix D. 
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27.1 Field Sample Custody Procedures (sample collection, packaging, shipment and delivery to laboratory): 
 
Sample Containers   
The laboratory will prepare sampling kits and ship the kits to KEMRON’s Marietta, Ohio office for use by the Field 
Team. Sample containers will be pre-cleaned by the laboratory and may contain measured volumes of preservative. 
The laboratory will affix labels on the sample containers identifying the analyses and preservatives. The sampling kits 
will be shipped or otherwise delivered in hard-sided coolers that are sealed with chain-of-custody at the laboratory 
prior to shipment. 
 
The integrity of containers for aqueous and gas samples is ensured by the use of appropriate cleaning techniques as 
specified by the USEPA Contract Laboratory Program (CLP).  The analytical laboratory will purchase pre-cleaned 
sample bottles for chemical analyses according to good laboratory practices.  Sample container requirements are 
provided in Worksheet #19.   
 
Sample Preservatives  
Where appropriate the laboratory supplied containers will be pre-preserved at the laboratory, prior to shipment to the 
site for the sampling event.  In addition to chemical preservatives, samples for chemical analysis will be transported 
to the laboratory in temperature-controlled coolers.  Double-bagged ice will be used to maintain the internal cooler 
temperature required for preservation.  A temperature blank will be included in each shipping container to monitor 
the internal temperature. 
 
Holding Times  
Sample holding time is defined as the interval between sample collection and sample extraction/analysis, such that a 
sample may be considered valid and representative of the sample matrix.  The laboratory QA program will be 
responsible for ensuring the adequacy of the sample tracking system in precluding holding time deficiencies. 
 
Sample Identification  
The Sample Custodian is responsible for logging all samples into the Laboratory Information Management System 
(LIMS). As a new login number is initiated in the LIMS, the Sample Custodian generates and/or enters the following 
information about the project shipment. 

• Login Number 
• Project Identification 
• Mode of Transportation 
• Date and Time Received/Date Due 
• Matrix/Sample ID 
• Date and Time of Sample Collection 
• Storage Location/Container Size/Type/Preservative 
• List of Analyses 
• Notation of Problems/Special Instructions 

 
In order to maintain sample identity, each sample received will be assigned a unique sample ID number.  The LIMS 
will assign the unique nine-digit Sample Number at the time of log-in, as shown in the following example: 
 
  EXAMPLE: B88SB-01 
 
The first eight digits identify a group of related samples and becomes the login number and report number.  The two-
digit number after the dash identifies a specific sample in the order.  These numbers are used for continuous 
identification of the sample from receipt to completion of analysis.  Sample containers will be clearly identified with 
the appropriate sample number. The sample labeling process is accomplished by the LIMS system which prints the 
required number of computer labels.  Extract vial numbers and metal digests will correspond to the sample number 
from which they originated.  These numbers will also be recorded on sample tracking documentation. 
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Documentation Procedures  
Information pertinent to the field sampling effort will be recorded in a field logbook and the sample will be traced by 
a Chain-of-Custody Form.  All entries will be made in indelible ink on consecutively numbered pages, and corrections 
will consist of lineout deletions that are initialed and dated.  At a minimum, field logbook entries include the following: 
 

Unique, sequential field sample number; 
Location and description of each sampling point; 
Type of sample (e.g., groundwater, soil); 
Sampling methodology; 
Number, depth, and volume of sample collected; 
Date and time of sample collection; 
Sample preservation, as applicable; 
Analytical request/methods; 
Associated QA/QC samples; 
Sample shipment (for example, name and address of the laboratory and cartage agent - Federal Express, 

United Parcel Service, etc.); 
Field observations (e.g., weather, description of samples, etc.); 
Field screening measurements [e.g., pH, conductivity]; and, 
Signature and date by the personnel responsible for observations. 

 
Sample Shipping  
Samples to be analyzed may be shipped to the contracted laboratory using the KEMRON sample kit.  To prevent 
sample breakage, only USEPA-approved sample containers will be used.   In order to maintain the temperature of 
samples at ≤6° C, wet ice will be supplied by the Field Team when required.  Each shipping kit will contain the 
following: 
 
• Partitions to hold sample bottles; 
• Freezer pack(s) (if ice is not used); 
• Chain-of-custody form/Log-out form; 
• The sample kit will be packed in a hard-side cooler.  The sample kit will be sealed with laboratory chain-of-

custody seals when samples are shipped via third-party courier service. 
 
Sample collection, preservation, handling, storage, and shipping will be performed in a manner that minimizes 
damage, loss, deterioration, and contamination.  Procedures described are designed to eliminate external 
contamination and to ensure data quality through the use of approved standardized sampling procedures.  
 
The primary objective of sample custody is to create an accurate, written, verified record that can be used to trace 
sample possession and handling from the moment of collection until receipt by the laboratory.  Adequate sample 
custody is achieved by means of approved field and analytical documentation.  
 
In accordance with the USEPA’s National Enforcement Investigations Center (NEIC) definition of custody, a sample 
for this project is defined to be in someone's custody if: 
 

It is in one's actual physical possession; 
It is in one's view, after being in one's physical possession; 
It is in one's physical possession and then locked or otherwise sealed so that tampering 

will be evident; or 
It is kept in a secure area, restricted to authorized personnel only.  

 
When someone receives custody of the samples, they will sign the chain-of-custody form. They are responsible for 
the integrity and security of samples while in their custody. They must secure the vehicle containing the samples at 
all times when it is necessary to stop and be away from the vehicle for any reason.  
Additional information regarding sample collection, packaging, shipment and delivery is provided in SOP # 07-PAS-
00.  The site specific SAPs will include additional information regarding sample collection as necessary, by matrix, 
concentration and analyte group.  
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27.2 Laboratory Sample Custody Procedures (receipt of samples, archiving, and disposal): 
Laboratory Sample Receipt of Samples  
 
The project laboratories are, in their entirety, secure areas and all samples received and logged into the laboratory 
remain in the custody of the Sample Custodian, supervisor or analyst until time of disposal. Refrigerators, freezers 
and other designated sample storage areas will be securely maintained or locked. Only the designated Sample 
Custodian or supervisory personnel will have keys to locked sample storage units until removed for sample preparation 
or analysis.  The following minimum custody procedures will be followed: 
 

• All samples are received and inspected. 
• The Sample Custodian signs and dates the chain-of-custody form provided by the Field Team. 
• The samples are stored in the appropriate storage unit. 
• Several laboratory documents are used to document which laboratory personnel handled the samples, 

including bench sheets, sample preparation logbooks, and instrument run logbooks. 
• The original copy of the chain-of-custody form is included in the laboratory report and a copy is maintained 

in the laboratory files. 
 
Sample Receipt & Inspection 
The Sample Custodian will receive all incoming samples and will sign for the container.  The Custodian will open the 
shipping containers and note the presence/absence of chain-of-custody forms and seals, air bills, or bills-of-lading.  
The sample temperature is then read.   
 
The Custodian will examine the shipping container to verify the integrity of the sample(s) and examine the sample 
documentation and identification to assure it is correct and the proper preservative has been used.  The preservatives 
are checked by the Sample Custodian.  If inspection indicates samples were damaged in transit, the shipping container 
will be moved to the hood in Log-in, assessments of the damage will be made and the appropriated Technical Services 
Representative will be notified.  The Environmental Manager will be immediately contacted and determination of the 
degree of hazard will be made.  If damage is minimal and the Environmental Manager requests it, an attempt to salvage 
the sample(s) will be made if can be done safely.  In the event of damaged hazardous samples, Laboratory Spill 
Response Team will be notified per the laboratory’s Chemical Hygiene Plan. 
 
The Sample Custodian will log into the LIMS system and will indicate the actual date and time received and the 
original receipt documentation will be included with the chain-of-custody form. 
 
The Sample Custodian will compare the chain-of-custody forms and labels to verify agreement of information 
contained therein.  If major discrepancies are found, they will be documented on the Cooler Inspection Checklist and 
the Project QC Supervisor will be immediately notified. Written documentation of all problem resolutions will be 
placed in the project/case file.  If there are no problems with the samples received, the Sample Custodian files the 
signed chain-of-custody form and Cooler Inspection Checklist in the project/case file.  After the sample is logged in, 
it will be immediately stored under the proper conditions. 
 
Sample labels or other sample documents that appear to be contaminated due to sample breakage or other problems 
will be dried under a fume hood and be separately sealed in plastic bags, if necessary, prior to being placed in case 
files.  The Project QC Supervisor must also be notified. 
 
Sample Storage 
Samples and extracts will be stored in uniquely identified refrigerators that are in secure areas of the laboratory.  The 
Sample Custodian or designated assistant will check the temperature of each refrigerator in the log-in area, twice daily, 
(once on weekends and holidays) and maintain a record book.  This record book will be reviewed on a monthly basis 
by the Support Services Supervisor to note any trends or inconsistencies.  The acceptable range for sample storage is 
0 - 6°C, as long as freezing does not occur.  The Sample Custodian will notify the Support Services Supervisor of any 
refrigerator temperature problem that cannot be corrected by simple thermostat adjustment.  A list of emergency repair 
numbers for the refrigeration units is attached to the walk-in refrigerator’s exterior. 
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Sample Distribution and Tracking 
Both the preparation and the analysis of samples will be documented using special forms (logbooks).  Once analysis 
is complete, the analyst will return the unused sample to the Sample Custodian area for return to the main cooler or to 
the Sample Archive Room whichever is appropriate. Samples will be returned to their original storage units after 
completion of analyses.  Samples that have exceeded their regulated holding period will be placed in the Sample 
Archive Room.  They are routinely stored in this area for a minimum of 14 days after the due date for the analytical 
report.  They are then disposed per appropriate protocol listed.  Extended archive beyond 60 days with refrigeration 
is available for specific projects or as required by contract. 
 
It is important to note that standards are also segregated from all samples in designated storage units. 
 
Sample Security 
All sample storage refrigerators are equipped with a lock.  The units are monitored by the Sample Custodian during 
business hours.  After business hours, the unit is kept locked and only selected personnel have access (by key) to the 
sample storage unit.  All samples, extracts and digests will be stored in segregated areas. 
 
Electronic Data Security 
Data integrity is insured through LIMS multi-level security.  Access to the specific user privileges can be individually 
controlled.  Each user has his/her own user name and password, which allows certain privileges.  Several pieces of 
hard copy documentation are generated for verification, but are unsigned.  Signatures on the final report indicate that 
all of these forms have been reviewed.  Reports are automatically screened for errors by LIMS at the time of printing.  
Any case numbers that produce errors at the time of printing are routed to the appropriate person or section for 
correction.  If no errors are produced at the time of printing, the finished report is stamped with the laboratory 
manager’s signature stamp.  All level four data undergoes a chemist review before it is available for printing or 
reporting.  Hard copy data, which contains all of the data regarding a group of samples, are kept in a master file, 
labeled with the login numbers.   
 
27.3 Sample Identification Procedures: 
 
The sample identification number will consist of an alphanumeric designation related to the sampling location. media 
type and sequential order according to the sampling event. 
 
The Field Team will assign field IDs for each sample as follows: 
 
     Site Specific Identifier – B88SBXX—Z-Z## 

Site Specific Identifier – B1IDW—## 
  

Abbreviations include: 
 where:   Site Specific Identifier = The task area location of the sampling point.  
    Building 88= Building associated with transformer vault 
    SB= Soil Boring  
    XX= Boring number/location 
    Z-Z= vertical depth interval (ex. 4-12) 
     
       

where: IDW = Indicates an IDW sample 
 
where:        ## = Indicates sample number associated with the site sampling methodology 

 
 
QC sample ID numbers will be numbered as below.  Site-specific sample IDs (including QC samples) will be included 
in work plan addenda. QC samples can have the following notations as the modifiers: 
 
   QCRB-mo/day/year  =  QC rinse blank, 
   QCFB-mo/day/year  = QC field blank, 
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   Parent sample ID - MS       =  QC matrix spike,  
   Parent sample ID - MSD  = QC matrix spike duplicate, and 
   QCTB-mo/day/year   =  QC trip blank. 
 
     QC duplicates will be submitted to the laboratory blind and shall be identified and 

numbered as the next numeral in the sampling sequence. The ID number will be 
documented in the field notebook as the QC field duplicate and will be correlated 
with the sampling location in the field notebook only. 

 
The sample collector will use this system to identify the samples in the field. During sampling, the field sample ID 
number will be recorded in the field notebook and on the chain-of-custody forms. All this information is entered into 
the LIMS in order for samples to be tracked easily.  The Laboratory QA/QC Supervisor verifies that the field 
information recorded in the database matches the information on the chain-of-custody forms and sample numbers.   
 
27.4 Chain-of-Custody Procedures 
 
Sampling will be evidenced through the completion of a Chain-of-Custody Form, which accompanies the samples 
from the field to the laboratory.  The Chain-of-Custody will be annotated to indicate time and date that samples are 
relinquished.  In addition, shipping containers will be affixed with custody seals.   
 
Each collected sample fraction contained in the cooler will be specified on the chain-of-custody.  The chain-of-custody 
will list the unique sample ID, sample type, sample collection time and date.  The shipment method will be entered 
on the bottom of the chain-of-custody, and the sampler will sign and date the chain-of-custody.  The chain-of-custody 
will be placed in a waterproof container, taped to the inside of the lid of the cooler, and sealed in the cooler along with 
its samples.  The cooler seal or lock will not be opened until the samples arrive in the analytical laboratory and are 
checked in by the Sample Custodian.  The Field Team will alert the laboratory to pertinent shipping information at 
the end of each sampling day.  Sample Chain-of-Custody forms are included in Appendix B. 
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31.1 Readiness Review 
 
Documented readiness reviews will be performed by the Environmental Task Manager and QA/QC Manager or his 
designee prior to the work schedule start date and in the event of a quality-related stop work order.  The readiness 
review will be performed to verify the following elements: 
 

• Technical Work Plans are approved; 

• Health and Safety Plan is current for tasks to be performed; 

• Personnel have been suitably trained and qualified; 

• Appropriate resources are allocated;  

• Supplies and consumables meet relevant specifications; 

• All required notifications, permits and clearances have been 

completed/received. 

Work prerequisites for KEMRON team investigation activities include ensuring that necessary permits and licenses 
have been obtained, completion of site approvals and preparation, and coordination for subsurface utility and other 
required clearance for intrusive activities.   
 

During the readiness review, the KEMRON QA/QC Manager and the Project Manager will ensure that field activities 
are conducted in accordance with this QAPP.  The QA/QC Manager or her designee will document deficiencies 
encountered during the readiness review, and verify correction of the deficiencies prior to the subject activity 
completion.   
 

If a Readiness Review identifies significant deficiencies that have the potential to impact usability of resultant 

data, the QA/QC Manager and Project Manager will confer immediately and, if determined necessary, issue a 

stop work order until such deficiencies have been corrected. 

 
Results of readiness reviews and any necessary corrective actions will be presented as a memorandum issued to the 
Project Manager.  The memorandum will define deficiencies noted during the inspection and will note the actions 
taken to meet the QA requirements as defined by this QAPP.  Documentation will enable the Project Manager and 
other key project team personnel to identify any trends or correlations in deficiencies that require additional corrective 
action. 
 
31.2 Field Sampling Technical Systems Audit (TSA) A field audit of site activities will be performed by KEMRON 

at least one time during field activities.  During field performance audits, current field practices will be compared to 

procedures outlined in the applicable site specific plans.  The following elements will be evaluated during field 

activities: 

 
• Overall level of organization and professionalism; 
• Project activities as compared to the plans and applicable SOPs; 
• Level of QC conducted per each field team; and, 
• Task-specific activities. 
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Typical types of audit activities would include periodic checks of: 
• Field notebooks, log sheets, and chain-of-custody forms, and report any inconsistencies, errors, and/or 

omissions; 
• Field sampling protocols, calibration of field instruments, decontamination procedures, packaging, and 

shipping, and; 
• Appropriate collection of field QC samples (i.e. equipment blanks, trip blanks, and field duplicates). 
 
Field performance audits will be conducted as part of critical path activities, such as collection of critical 
environmental data samples and during final remedial actions, with audits distributed periodically throughout the 
project field activities.  After audit completion, findings will be documented to and discussed with the KEMRON PM. 
Deficiencies and/or nonconformance with project-specific standards and necessary corrections will be identified, and 
corrective actions documented per procedures specified in Worksheet 32.  Where nonconformance or deficiencies 
impact data quality and/or usability, written corrective action documentation will be developed.  Data usability 
concerns will be discussed with the project team, including the Army and regulatory team members, to ensure the 
final site dataset meets site-specific objectives as defined in this QAPP. 
 
Field sampling audits will be used to augment routine field data verification performed by the Project QA/QC 
Manager, the sampling team and the PM.  Field data verification is accomplished routinely throughout sampling events 
by cross-checking sample chains of custody, field notes and observations of sampling methodologies, applicable 
SOPs, and other applicable elements of the project QAPP.  
 

31.3 Off-Site Analytical TSA 

Laboratory system audits are qualitative audits of the measurement systems, ensuring that they are properly maintained 
and used. TestAmerica is NELAP and DoD ELAP certified and is audited per program requirements. Additionally, a 
yearly internal audit is conducted by the Laboratory Quality Assurance Manager or his designee.  KEMRON’s QA/QC 
Manager will be provided copies of documentation of closure of the external audit or that the audit was performed by 
NELAP and/or DoD during the term of this contract. The contents of the audit reports will be available for viewing 
on-site at the laboratory facility.  
 

31.3.1 External Audits 

TestAmerica actively participates in several Federal and State performance evaluation testing programs and system 
audits.  External systems audits of the facilities occur on a regular basis.  Audits conducted at TestAmerica include 
the Florida Environmental Laboratory Accreditation Creditor for Primary NELAP accreditation and the DoD ELAP.  
KEMRON’s QA Manager will be provided copies of TestAmerica’s external audit results during the term of this 
contract. 
 

31.3.2 Performance Audits and Proficiency Testing 

Performance audits are required for numerous state and federal programs. These certifications include the submittal 
of single blind analytical proficiency testing (PT) samples from NIST certified providers. PT samples are not required 
for this project.    
 

31.3.3  Internal Audits 

The Laboratory QAM will perform an annual internal audit of the laboratory operations to assure continued adherence 
to the LQAP (Laboratory Quality Assurance Plan), including the referenced methods and SOPs. The QAM may 
conduct the audit over the course of the year, with assistance from other technical directors or supervisors. The results 
of the audit are documented using an internal laboratory checklist, and the results are presented in a report to the 
laboratories’ Managing Director. The QAM may perform additional internal audits based on results of internal and 
external performance feedback.  If the laboratory receives a customer complaint, an audit will be used to investigate 
the appropriate areas.  The laboratory will perform corrective actions and notify the client(s) within three (3) business 
days if any data are affected by findings resulting from an internal or external audit.  The laboratory shall have thirty 
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Immediate corrective action is applied to spontaneous, nonrecurring problems (e.g., instrument malfunction). The 
individual who detects or suspects nonconformance to established criteria or protocol in equipment, instruments, data, 
or methods, will immediately notify his/her supervisor.  The supervisor and/or the Project Manager will investigate 
the extent of the problem and take necessary corrective action. If a large quantity of data is affected, the Project 
Manager will prepare a memorandum to the Project QA/QC Manager. These individuals will collectively decide how 
to proceed to correct the problem(s).  If the problem is limited in scope, the Project Manager will decide on the 
corrective action measure and document the solution in memorandum form to the Project QA/QC Manager. 
 
Long-term corrective action procedures are devised and implemented to prevent the recurrence of a potentially serious 
problem.  The Project QA/QC Manager will be notified of the problem and will conduct an investigation to determine 
the severity and extent of the problem.  She will notify the Project Manager of the need for corrective action.  If the 
corrective action will adversely impact project schedule, the Project Manager will notify and coordinate with the Army 
and regulatory personnel. 
 
The development and implementation of preventive and corrective actions will be timed, to the extent possible, so as 
to not adversely impact project schedules or subsequent data generation/processing activities.  Examples of long-term 
corrective actions include but are not limited to staff training/retraining in technical skills or in implementing the QA 
Program, rescheduling of laboratory routine to ensure analysis within allowed holding times, revision of KEMRON 
QA Program, or replacement of project personnel. 
 

32.2 Corrective Action Documentation  

The KEMRON QA Manager will ensure that incidents requiring corrective action are fully documented.  Reports will 
be addressed to the Project Manager.  The summary of findings will be factual, concise, and complete.  Any required 
supporting information will be appended to the report or cross-referenced to readily available project documents.  
Depending on the nature of the problem, the corrective action employed may be formal or informal.  Corrective action 
forms are included in Appendix B. 
 
Corrective actions applicable to the analytical laboratory will be documented in corrective action reports provided 
within 3 business days, as described in Worksheet 31. 
 
Whether requiring formal or informal corrective action, documentation will include the occurrence of the 
problem, corrective action employed, and verification that the problem has been eliminated.  Final resolution 
of a problem will be documented by the signature of the Project QA/QC Manager, or her designee. The Project 
QA/QC Manager will sign completed corrective action documentation, verifying that the problem has been 
resolved.   
 
Significant QC issues are those which require a change to an approved document or procedure, including either field 
or laboratory procedures, and/or which affect data usability.  In cases of significant QC issues, a corrective action 
report will be completed by the Project QA/QC Manager, reviewed by the Project Manager, and coordinated through 
the Army and regulatory personnel and/or proposed in an addendum or revision to the QAPP.  For items which are 
not significant, reports will be issued from the Project Manager to the Project QA/QC Manager and appropriate task 
manager(s), and maintained in project records. 
 

32.3 Stop Work Protocols  

The KEMRON Project Manager, Project QA/QC Manager, and Site Safety and Health Officer will have the authority 
to issue a stop work order.  A stop work order will be issued under conditions such that the quality of work jeopardizes 
the attainment of the project objectives.  A stop work order must not create an operational, safety, public health, or 
environmental hazard. 
 
Under a stop work order, work may not be conducted within affected activities until the responsible manager 
acknowledges and properly documents the implementation of a corrective action in accordance with the resolution 
criteria of the order.  KEMRON will provide immediate notification of work stoppage to the Army. 
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QAPP WORKSHEET #37 - USABILITY ASSESSMENT 
37.1 Summarize the usability assessment process and all procedures, including interim steps and 
any statistics, equations and computer algorithms that will be used 
 
 
 The usability assessment will be completed following data verification.  
 
If measurement error is higher than the goal for any parameter(s), the Project Manager will be notified 
immediately.  The Project Manager and the Army, in conjunction with regulatory personnel, will determine 
if re-sampling will be necessary to meet project objectives.  The Project Manager will inform the Project 
QA/QC Manager and Laboratory PM of the decision. 
 
37.2 Describe the evaluative procedures used to assess overall measurement error associated with 
the project. 
 
The following data quality indicators (DQIs) are important components of the usability assessment.  When 
DQIs are not achieved and are not usable to adequately support environmental decisions, then the usability 
assessment will address how this problem will be resolved.   
 
Precision 
 
Precision is assessed as relative percent difference (RPD).  With each analysis of a duplicate sample, 
surrogate, or matrix spike/matrix spike duplicate, the RPD is calculated from the following formula:  
 
    RPD =          R1 - R2        x 100% 
        (R1 + R2)/2 

where, 
R1 is the result of the first analysis, and; 
R2 is the result of the second analysis. 

 
Poor overall precision may be the result of field instrument variation, analytical measurement variation, poor 
sampling technique, sample transport problems, or spatial variation.  The field sampling design rationale and 
sampling techniques should be evaluated.  If both field and analytical duplicates show imprecision, then the 
laboratory may be the source of error.  If imprecision is observed only in field duplicates, then field instrument 
variation, sampling technique, sample transport problems, or spatial variation could be the source of error. 
 
Accuracy/Bias 
 
Laboratory control samples, PT samples, equipment blank and matrix spike results, expressed as percent 
recovery, are used assess the accuracy (or bias) of a procedure.  Recovery is defined mathematically as 
follows:  
 
 % Recovery = (amount recovered/amount spiked) x 100% 
 

where,  amount recovered is the concentration of the analyte in the spiked sample minus the 
concentration in the unspiked sample and; amount spiked is the true concentration of spike added 
to the LCS or MS. 

 
Representativeness 
 
Field sampling TSAs and analysis audits are used to assess representativeness.      
 
 
 
 



  Final UFP Quality Assurance Project Plan 
Former Walter Reed Army Medical Center 

                                               Washington DC 
 

 
W912DR-12-D-0008 80 January 2017 
Task Order: 0004   

Comparability 
 
Measurements compared to similar measurements that appear as "outliers" will be reassessed by verifying 
that QA/QC procedures in the field and laboratory had been followed.  Units of measurement will be 
externally compared by using the appropriate standard units for each measurement system. 
 
Data will be expressed in the following units: 
1. Volume in liters (L) [e.g., micrograms per liter (μg/L)] indicates an aqueous matrix. Control spikes are 

added into organic-free laboratory water. 
2. Air units in nanograms (ng) [e.g., nanograms per cubic meter (ng/m3), or parts per billion volume (ppbv), 

volume per volume]. 
 
Sensitivity and Quantitation Limits 
 
Sensitivity is a derived measure based on a statistical level of confidence that values can be differentiated.  
Laboratory fortified blanks, LOD studies, and initial calibration low standards at the quantitation limit are 
QC samples that evaluate sensitivity.   
 
Completeness 
 
Completeness is a measure of the amount of valid data obtained from a measurement system compared to 
the amount that was expected to be obtained under correct normal conditions.  Completeness of at least 90 
percent for soil and waste matrices data and 95 percent for water and air matrices data are the objectives for 
this project.  Following completion of the analytical testing, percent completeness will be calculated as 
follows: 
 
Completeness (%) = # of valid y values reported   X 100 
for parameter y                # of samples collected for analysis of y 
 
Field Data Assessment 
Usability of field data will be determined based upon the outcomes of the periodic system audits and 
evaluation of conformance with the Work Plan, QAPP, and KEMRON SOP criteria. 
 
37.3 Identify the personnel responsible for performing the usability assessment 
 
The Project QA/QC Manager will perform a usability assessment of all laboratory analytical data, 
implementing the standards specified in this QAPP. Field data usability assessment will be performed by the 
assigned Project Manager.  The final usability assessment will be reviewed by the project team, which 
includes the Army and regulatory personnel.  If significant data usability concerns that would impact project 
outcomes are identified during usability assessment processes, KEMRON will consult with the Army and 
regulatory personnel in defining and implementing appropriate response. 
 
All analytical data will undergo a usability assessment prior to making project decisions. The laboratory 
analytical data deliverables will be verified by the project team for laboratory data qualifiers, limits of 
detection, sample collection methods, analytical methods, data quality, and data usability that may preclude 
use of the data.   
 
37.4 Describe the documentation that will be generated during usability assessment and how 
usability assessment results will be presented so that they identify trends, relationships (correlations) 
and anomalies. 
 
A usability report will be prepared that discusses and compares the overall precision, accuracy/bias, 
representativeness, comparability, completeness, and sensitivity for each matrix, analytical group, and 
concentration level.  Any bias or trends observed in the data will be discussed in the usability report. The 
usability report will describe limitations on the use of project data if the DQIs are not met.  Usability will be 
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initially assessed on an SDG-specific basis, with a comprehensive evaluation of the total data set from a site 
sampling event also prepared at the conclusion of the field event.   
 
This process will allow a near term evaluation of each laboratory report, while also ensuring that the full site 
dataset will be evaluated to identify any data trends and interrelationships, and verify that the data are suitable 
for their intended use in the applicable project phase.  The complete site dataset from an event will thus also 
be verified as achieving the Project Quality Objectives (PQOs) established in this QAPP.  The presentation 
of the data usability assessment will be based upon the specific documents and applicable site evaluation 
phase.  The assessment will be presented in written reports appropriate for and associated with the scope and 
phase of work being completed. 
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Appendix A 
Project Baseline Schedule 

  







 

 

 
 
 
 
 
 
 

Appendix B 
Field SOPs 

  



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope





unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope



unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope
unresponsive based on revised scope





Items to collect (continued)
Description Quantity

Marker, laboratory 1 

Pipet, TenSette, 0.1–1.0 mL 1 

Pipet tips, for TenSette Pipet, 0.1–1.0-mL 1 

Rack, for 1-cm Micro Cuvettes 1 

Scoop, 5 g 1 

Soil extraction kit varies

Water, deionized varies

Wipes, disposable 1 

Wiretrol pipet 1 

Refer to Consumables and replacement items on page 8 for order information.

Sample collection
• Analyze the samples as soon as possible for best results.
• If sample storage is necessary, collect the samples in glass or Teflon® containers.

Clean the containers with soap and water, then rinse the containers with methanol.
Use Teflon-lined caps for the containers. If Teflon-lined caps are not available, use
aluminum foil as a substitute cap liner. Rinse the aluminum foil with methanol before
use.

Soil extraction procedure

1.  Weigh 5.0 g of soil in the
plastic weighing boat.

2.  Carefully pour the soil
into an extraction vial.

3.  Use the 5-gram scoop to
add one scoop of sodium
sulfate to the extraction vial.

4.  Use the graduated
cylinder to add 10 mL of Soil
Extractant into the extraction
vial.

2 PCB in Soil, Immunoassay Method



5.  Put the cap on the
extraction vial tightly. Shake
vigorously for 1 minute.

6.  Let the particles settle for
a minimum of 1 minute.
Carefully open the
extraction vial.

7.  Use the disposable pipet
to remove 1.0 to 1.5 mL
from the top of the liquid
layer. Add the removed
liquid to the filtration barrel.
Do not use more than
1.5 mL. The pipet can
measure in 0.25-mL
increments.

8.  Put the filtration plunger
into the filtration barrel. Set
the filtration assembly on a
table or flat surface. Push
firmly on the plunger until
the sample extract is forced
upward into the center of the
plunger.
Use the resulting filtrate for
the immunoassay
procedure.

Use of the Wiretrol Pipet
The Wiretrol Pipet accurately measures small quantities of liquids. The Wiretrol Pipet has
two parts: a Teflon®-tipped plunger and a calibrated capillary tube. The plunger can be
used many times. Discard the capillary tubes after one use.

1.  Make sure that the
plunger tip is wet with the
liquid. Carefully insert the
plunger tip into the end of
the capillary tube with the
colored band.

2.  Push the plunger tip to
the other end of the capillary
tube. Stop when the plunger
tip barely extends beyond
the end of the capillary tube.

3.  Insert the capillary tube
below the surface of the
liquid. Slowly and smoothly,
pull the plunger up until the
bottom of the plunger tip
reaches the applicable
volume line. Touch the end
of the tube to the side of the
vessel to release drops that
remain on the capillary tube
tip.

4.  To release the liquid,
insert the tip of the capillary
tube below the surface of
the receiving solution, and
push the plunger downward
in one smooth motion.
Change capillary tubes for
each calibrator and sample.
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Immunoassay procedure

1.  Put marks on the
cuvettes to identify the
samples and calibrators.
Select the calibrator
concentrations that are
applicable to the expected
sample concentration.

2.  Insert the cuvettes into
the rack. Make sure that the
cuvettes are secure. Do not
use force to put them into
position because the
cuvettes can spill or can be
difficult to remove.

3.  Use a pipet to add
0.5 mL of Diluent Solution
into each cuvette. The same
pipette tip can be used for
this step.

4.  Use a Wiretrol pipet to
add the correct volume of
calibrator or sample extract
into each cuvette. Use a
separate capillary tube for
each solution. Refer to PCB
protocols on page 6.
Have the necessary
apparatus ready for this
step and the next four
steps. Do not wait—do
these steps quickly.

5.  Immediately use a pipet
to add 0.5 mL of atrazine
Enzyme Conjugate into
each calibrator and sample
cuvette. The same pipette
tip can be used for this step.

6.  Set and start a timer for
10 minutes. A 10-minute
reaction time starts.

7.  Immediately mix the
cuvettes for 30 seconds.
Refer to Use of the 1-cm
MicroCuvette rack
on page 6 for the correct
mixing procedure.

8.  After 5 minutes, mix the
contents of the rack a
second time for 30 seconds.
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9.  At the end of the
10-minute reaction period,
discard the contents of all
the cuvettes into a waste
container for disposal.

10.  Fully rinse each cuvette
with deionized water four
times. Discard the contents
into the waste container for
disposal. Turn the cuvettes
and rack upside down on a
paper towel to dry. Carefully
tap the cuvettes on the
towel to remove the liquid.

11.  Start color
development: Timing is
very important. Make sure
that the cuvettes are still in
position in the rack. Use the
pipet to add 0.5 mL of Color
Developing Solution into
each Antibody Cuvette. Use
a new pipette tip for each
cuvette.

12.  Set and start a timer for
5 minutes. A 5-minute
reaction time starts.

13.  Immediately mix the
cuvettes for 30 seconds.

14.  After 2.5 minutes, mix
the cuvettes for 30 seconds.
The solutions in some or all
of the cuvettes change to
blue.

15.  When the timer expires,
use a pipette to add 0.5 mL
of Stop Solution into each
cuvette with the same
pipette tip. Consistent
technique is very important.
Add the solution in the same
sequence that was used for
the Color Developing
Solution addition.

16.  Slide the rack back and
forth for 20 seconds. The
blue solution color changes
to yellow.

17.  Set the instrument to
channel 1 or channel 2.
Refer to the instrument
documentation.
Make sure that the channel
selected does not have a
user-entered calibration.

18.  Put a mark on a zeroing
cuvette to identify it as the
blank. Fill the cuvette with
deionized water.

19.  Clean all of the
cuvettes.

20.  Insert the blank into the
cell holder. Point the arrow
mark on the cuvette toward
the keypad.
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21.  Install the instrument
cap over the cell holder.

22.  Push ZERO. The
display shows “0.000”.

23.  Clean the cuvette that
contains the first calibrator.

24.  Insert the first calibrator
into the cell holder. Point the
arrow mark on the cuvette
toward the keypad.

25.  Install the instrument
cap over the cell holder.

26.  Push READ. Results
show in absorbance units.
Record the results.

27.  Read the absorbance
values of the remaining
calibrators and samples.
Record the results. Refer to 
Interpret and report the
results on page 7.

PCB protocols
There are two PCB protocols in this procedure, one is for levels of 1 to 5 ppm and the
other is for 10 to 50 ppm. Each test procedure uses a different volume of calibrator and
sample extract. Refer to Table 1.

Table 1  PCB protocols

Range (as Arochlor 1248) Volume of calibrator and sample extract

1 to 5 ppm 50 µL

10 to 50 ppm 10 µL

To do a test procedure across ranges, such as 1 and 50 ppm, do a test of the lower
concentration first. If the result is positive, then do a test procedure at the higher level. If
the result of the lower concentration is negative, the higher range test will be negative. It
is not necessary to do a higher range test.
Use the same filtered extract if the cap is tightly closed between assays. Do not wait more
than 30 minutes between the assays.

Use of the 1-cm MicroCuvette rack
Use the MicroCuvette rack to get accurate and precise results for the immunoassay
procedure during the analysis of several samples at a time. Refer to Figure 1.
Insert the cuvettes in the rack—Use the MicroCuvette rack to securely hold cuvettes
that are set in the rack. Before the procedure starts, identify each cuvette with a sample
or a calibrator number. Correctly insert the cuvettes in the rack. Do not force the cuvettes
into the rack because the sample can spill or the cuvettes can be difficult to remove. The
cuvettes must stay in position if the rack is inverted and carefully tapped.
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Mix the sample—Put the rack on a hard, flat surface that is at least twice the length of
the rack. Refer to Figure 1. Hold one end of the rack, then vigorously slide the rack back
and forth along its axis for 30 seconds. The rack moves through a distance equal to its
own length in each direction.

Figure 1  MicroCuvette rack

Interpret and report the results
There is an inverse relationship between the concentration of PCB and the absorbance
reading. In other words, the higher the reading, the lower the concentration of PCB. Refer
to Table 2.

Table 2  Relative PCB concentration

If the sample absorbance reading is... then the sample concentration is...

Smaller than the calibrator reading Larger than the calibrator reading

Larger than the calibrator reading Smaller than the calibrator reading

For example, if the readings are:

• 1 ppb PCB Calibrator: 0.775 Abs
• 5 ppb PCB Calibrator: 0.430 Abs

• Sample 1: 0.200 Abs
• Sample 2: 0.600 Abs
• Sample 3: 0.900 Abs

The interpretation for a sample:
Sample 1: The sample concentration of PCB is larger than 1 and 5 ppm as Aroclor 1248.
Sample 2: The sample concentration of PCB is between 1 and 5 ppm as Aroclor 1248.
Sample 3: The sample concentration of PCB is smaller than 5 and 1 ppm as Aroclor
1248.

Reagent storage and handling

1. Always wear gloves and eyewear for protection.
2. For long-term storage, make sure that the reagents are not in direct sunlight. Keep

the reagent set at 4 °C (39.2 °F) when not in use. Warm the reagents to room
temperature before use.
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3. When not in use, seal the foil pouch that contains the antibody cuvettes.
4. If the Stop Solution is in contact with the eyes, rinse fully for 15 minutes with cold

water and get immediate medical help.

Sensitivity
The PCB immunoassay cannot identify specific Arochlors. The PCB immunoassay reacts
with different compounds at different sensitivity levels. Refer to Table 3 and Table 4.

Table 3  Various PCBs in soil

Arcochlor
Compound

Concentration (ppm) to give positive results at:

1 ppm 5 ppm 10 ppm 50 ppm

1248 1 5 10 50 

1016 2 9 20 67 

1242 1.2 6 14 50 

1254 1.4 4.6 11 28 

1260 1.1 4.9 11 38 

Table 4  Compounds not detectable at 1000 ppm

Biphenyl 2,4,6-trichlorophenyl 1,3-dichlorobenzene

2,4-dichlorophenyl pentachlorophenol 1,4-dichlorobenzene

2,4,5-trichlorphenyl 1,2-dichlorobenzene 1,2,4-trichlorobenzene

Summary of method
Immunoassay tests use antigen/antibody reactions to detect specific organic compounds
in water and soil. The walls of plastic cuvettes are layered with antibodies that are specific
for atrazine. The antibodies selectively remove PCBs from complex sample matrices. A
prepared sample and a reagent with enzyme-conjugate molecules (analyte molecules
attached to molecules of an enzyme) are added to the Antibody Cuvettes. During
incubation, enzyme-conjugate molecules and PCBs compete for binding sites on the
antibodies. Samples with higher levels of analyte have more antibody sites occupied by
the analyte and fewer antibody sites occupied by the enzyme-conjugate molecules.
After incubation, the sample and unbound enzyme conjugate are rinsed from the cuvette
and a color-development reagent is added. The enzyme in the conjugate catalyzes the
development of color. Thus, there is an inverse relationship between color intensity and
the amount of PCB in the sample. The resulting color is then compared with a calibrator
to determine if the analyte concentration in the sample is larger or smaller than the
threshold levels. The PCB concentration is inversely proportional to the color
development—the lighter the color, the higher the PCB concentration. The test results are
measured at 450 nm.
The method reacts with all PCBs and cannot identify samples with specific PCBs in a
mixture.

Consumables and replacement items
Required reagents

Description Quantity/Test Unit Item no.

Soil Extraction Kit 1 each 2775100 

PCB Reagent Set 1 20 cuvettes 2773500 

Water, deionized varies 500 mL 27248 
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Required apparatus

Description Quantity/Test Unit Item no.

Balance, portable, 300 g capacity 1 each 2796900 

Caps, flip spout (for 500-mL deionized water bottle) 1 2/pkg 2581802 

Graduated cylinder, 10-mL 1 each 108138 

Marker, laboratory 1 each 2092000 

Gloves, nitrile, medium 1 100/pkg 2550502 

Pipet, TenSette®, 0.1–1.0 mL 1 each 1970001 

Pipet Tips, for TenSette® Pipet, 0.1–1.0 mL 2 50/pkg 2185696 

Pipet, Wiretrol®, 10–50 µL 1 each 2852200 

Pipet, Wiretrol®, 50–1000 µL 1 each 2568905 

Rack, for 1-cm Micro Cuvettes 1 each 4879900 

Safety goggles, vented 1 each 2550700 

Wipes, disposable 1 280/pkg 2097000 

Soil scoop, 5-g, 4.25-cc 1 20/pkg 2657205 

Timer, talking 1 each 2764400 

Soil extraction refill kit, for 2775100, includes: 1 each 2775200 

   Dropper, LDPE, 0.5 and 1.0-mL 1 20/pkg 2124720 

   Filter and barrel assembly 1 20/pkg 2567620 

   Sodium sulfate, anhydrous 1 250 g 709929 

   Soil extraction solution 1 200 mL 2567729 

   Soil sample container 1 20/pkg 2592920 

   Weighing boat, 8.9-cm square 1 20/pkg 2179020 

   Spatula, disposable 1 2/pkg 2569320 
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The Soil Extractant contains methyl alcohol, which is poisonous and flammable. Review the Safety Data Sheets
(MSDS/SDS) for the chemicals that are used. Use the recommended personal protective equipment.

Use protective nitrile gloves for this procedure.

Dispose of reacted solutions according to local, state and federal regulations. Refer to the Safety Data Sheets for disposal
information for unused reagents. Refer to the environmental, health and safety staff for your facility and/or local regulatory
agencies for further disposal information.

Items to collect

Description Quantity

PCB Reagent Set 1 

Analytical balance 1 

Caps, flip spout 1 

Cylinder, graduated 10-mL 1 

Marker, laboratory 1 

Pipet, TenSette, 0.1–1.0 mL 1 

Pipet tips, for TenSette Pipet, 0.1–1.0-mL 1 

Rack, for 1-cm Micro Cuvettes 1 

Scoop, 5 g 1 

Soil extraction kit varies

Water, deionized varies

Wipes, disposable 1 

Wiretrol pipet 1 

Refer to Consumables and replacement items on page 8 for order information.

Sample collection
• Analyze the samples as soon as possible for best results.
• If sample storage is necessary, collect the samples in glass or Teflon® containers.

Clean the containers with soap and water, then rinse the containers with methanol.
Use Teflon-lined caps for the containers. If Teflon-lined caps are not available, use
aluminum foil as a substitute cap liner. Rinse the aluminum foil with methanol before
use.

Soil extraction procedure

1.  Weigh 5 of soil in the
plastic weighing boat.

2.  Carefully pour the soil
into an extraction vial.

3.  Use the 5-gram scoop to
add one scoop of sodium
sulfate to the extraction vial.

4.  Use the graduated
cylinder to add 10 mL of Soil
Extractant into the extraction
vial.
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5.  Put the cap on the
extraction vial tightly. Shake
vigorously for 1 minute.

6.  Let the particles settle for
a minimum of 1 minute.
Carefully open the
extraction vial.

7.  Use the disposable pipet
to remove 1.0 to 1.5 mL
from the top of the liquid
layer. Add the removed
liquid to the filtration barrel.
Do not use more than
1.5 mL. The pipet can
measure in 0.25-mL
increments.

8.  Put the filtration plunger
into the filtration barrel. Set
the filtration assembly on a
table or flat surface. Push
firmly on the plunger until
the sample extract is forced
upward into the center of the
plunger.
Use the resulting filtrate for
the immunoassay
procedure.

Use of the Wiretrol Pipet
The Wiretrol Pipet accurately measures small quantities of liquids. The Wiretrol Pipet has
two parts: a Teflon®-tipped plunger and a calibrated capillary tube. The plunger can be
used many times. Discard the capillary tubes after one use.

1.  Make sure that the
plunger tip is wet with the
liquid. Carefully insert the
plunger tip into the end of
the capillary tube with the
colored band.

2.  Push the plunger tip to
the other end of the capillary
tube. Stop when the plunger
tip barely extends beyond
the end of the capillary tube.

3.  Insert the capillary tube
below the surface of the
liquid. Slowly and smoothly,
pull the plunger up until the
bottom of the plunger tip
reaches the applicable
volume line. Touch the end
of the tube to the side of the
vessel to release drops that
remain on the capillary tube
tip.

4.  To release the liquid,
insert the tip of the capillary
tube below the surface of
the receiving solution, and
push the plunger downward
in one smooth motion.
Change capillary tubes for
each calibrator and sample.
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9.  After 5 minutes, mix the
contents of the rack a
second time for 30 seconds.

10.  At the end of the
10-minute reaction period,
discard the contents of all
the cuvettes into a waste
container for disposal.

11.  Fully rinse each cuvette
with deionized water four
times. Discard the contents
into the waste container for
disposal. Turn the cuvettes
and rack upside down on a
paper towel to dry. Carefully
tap the cuvettes on the
towel to remove the liquid.

12.  Start color
development: Timing is
very important. Make sure
that the cuvettes are still in
position in the rack. Use the
pipet to add 0.5 mL of Color
Developing Solution into
each Antibody Cuvette. Use
a new pipette tip for each
cuvette.

13.  Start the instrument
timer. The reaction time
starts.

14.  Immediately mix the
cuvettes for 30 seconds.

15.  After 2.5 minutes, mix
the cuvettes for 30 seconds.
The solutions in some or all
of the cuvettes change to
blue.

16.  When the timer expires,
use a pipette to add 0.5 mL
of Stop Solution into each
cuvette with the same
pipette tip. Consistent
technique is very important.
Add the solution in the same
sequence that was used for
the Color Developing
Solution addition.

17.  Slide the rack back and
forth for 20 seconds. The
blue solution color changes
to yellow.

18.  Put a mark on a zeroing
cuvette to identify it as the
blank. Fill the cuvette with
deionized water.

19.  Clean all of the
cuvettes.

20.  Insert the blank into the
cell holder.
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Figure 1  MicroCuvette rack

Interpret and report the results
There is an inverse relationship between the concentration of PCB and the absorbance
reading. In other words, the higher the reading, the lower the concentration of PCB. Refer
to Table 3.

Table 3  Relative PCB concentration

If the sample absorbance reading is... then the sample concentration is...

Smaller than the calibrator reading Larger than the calibrator reading

Larger than the calibrator reading Smaller than the calibrator reading

For example, if the readings are:

• 1 ppb PCB Calibrator: 0.775 Abs
• 5 ppb PCB Calibrator: 0.430 Abs

• Sample 1: 0.200 Abs
• Sample 2: 0.600 Abs
• Sample 3: 0.900 Abs

The interpretation for a sample:
Sample 1: The sample concentration of PCB is larger than 1 and 5 ppm as Aroclor 1248.
Sample 2: The sample concentration of PCB is between 1 and 5 ppm as Aroclor 1248.
Sample 3: The sample concentration of PCB is smaller than 5 and 1 ppm as Aroclor
1248.

Reagent storage and handling

1. Always wear gloves and eyewear for protection.
2. For long-term storage, make sure that the reagents are not in direct sunlight. Keep

the reagent set at 4 °C (39.2 °F) when not in use. Warm the reagents to room
temperature before use.

3. When not in use, seal the foil pouch that contains the antibody cuvettes.
4. If the Stop Solution is in contact with the eyes, rinse fully for 15 minutes with cold

water and get immediate medical help.
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Sensitivity
The PCB immunoassay cannot identify specific Arochlors. The PCB immunoassay reacts
with different compounds at different sensitivity levels. Refer to Table 4 and Table 5.

Table 4  Various PCBs in soil

Arcochlor
Compound

Concentration (ppm) to give positive results at:

1 ppm 5 ppm 10 ppm 50 ppm

1248 1 5 10 50 

1016 2 9 20 67 

1242 1.2 6 14 50 

1254 1.4 4.6 11 28 

1260 1.1 4.9 11 38 

Table 5  Compounds not detectable at 1000 ppm

Biphenyl 2,4,6-trichlorophenyl 1,3-dichlorobenzene

2,4-dichlorophenyl pentachlorophenol 1,4-dichlorobenzene

2,4,5-trichlorphenyl 1,2-dichlorobenzene 1,2,4-trichlorobenzene

Summary of method
Immunoassay tests use antigen/antibody reactions to detect specific organic compounds
in water and soil. The walls of plastic cuvettes are layered with antibodies that are specific
for PCB. The antibodies selectively remove PCBs from complex sample matrices. A
prepared sample and a reagent with enzyme-conjugate molecules (analyte molecules
attached to molecules of an enzyme) are added to the Antibody Cuvettes. During
incubation, enzyme-conjugate molecules and PCBs compete for binding sites on the
antibodies. Samples with higher levels of analyte have more antibody sites occupied by
the analyte and fewer antibody sites occupied by the enzyme-conjugate molecules.
After incubation, the sample and unbound enzyme conjugate are rinsed from the cuvette
and a color-development reagent is added. The enzyme in the conjugate catalyzes the
development of color. Thus, there is an inverse relationship between color intensity and
the amount of PCB in the sample. The resulting color is then compared with a calibrator
to determine if the analyte concentration in the sample is larger or smaller than the
threshold levels. The PCB concentration is inversely proportional to the color
development—the lighter the color, the higher the PCB concentration. The test results are
measured at 450 nm.
The method reacts with all PCBs and cannot identify samples with specific PCBs in a
mixture.

Consumables and replacement items
Required reagents

Description Quantity/Test Unit Item no.

Soil Extraction Kit 1 each 2775100 

PCB Reagent Set 1 20 cuvettes 2773500 

Water, deionized varies 500 mL 27248 
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Required apparatus

Description Quantity/Test Unit Item no.

Balance, portable, 300 g capacity 1 each 2796900 

Caps, flip spout (for 500-mL deionized water bottle) 1 2/pkg 2581802 

Graduated cylinder, 10-mL 1 each 108138 

Marker, laboratory 1 each 2092000 

Gloves, nitrile, medium 1 100/pkg 2550502 

Pipet, TenSette®, 0.1–1.0 mL 1 each 1970001 

Pipet Tips, for TenSette® Pipet, 0.1–1.0 mL 2 50/pkg 2185696 

Pipet, Wiretrol®, 10–50 µL 1 each 2852200 

Pipet, Wiretrol®, 50–1000 µL 1 each 2568905 

Rack, for 1-cm Micro Cuvettes 1 each 4879900 

Safety goggles, vented 1 each 2550700 

Wipes, disposable 1 280/pkg 2097000 

Soil scoop, 5-g, 4.25-cc 1 20/pkg 2657205 

Timer, talking 1 each 2764400 

Soil extraction refill kit, for 2775100, includes: 1 each 2775200 

   Dropper, LDPE, 0.5 and 1.0-mL 1 20/pkg 2124720 

   Filter and barrel assembly 1 20/pkg 2567620 

   Sodium sulfate, anhydrous 1 250 g 709929 

   Soil extraction solution 1 200 mL 2567729 

   Soil sample container 1 20/pkg 2592920 

   Weighing boat, 8.9-cm square 1 20/pkg 2179020 

   Spatula, disposable 1 2/pkg 2569320 
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